The 2S-1S transition in light muonic atoms is very sensitive to parity violation correlations induced via neutral currents. Observables depending on these transitions such as the photon polarization and the angular correlation between the emitted radiation and the atom polarization are a clear signal of weak neutral currents in atoms. We find the relation between the lepton and quark couplings and these observables emphasizing the effect of the nuclear spin. The results expected in muonic atoms #-4He and /~ -3He are given.
Introduction
The study of neutral currents in atoms has been the subject of great interest for many years [1] . In spite of the already abundant data related to neutral current effects from high energy physics [2] , the fact that very different physics is involved has continued the interest of the weak neutral currents in atoms: they provide a framework in which quarks act coherently with regard to the weak interactions and the momentum transfer relevant is of the order of several keV to MeV compared to the scale of GeV in high energy physics experiments. Both class of experiments are then complementary allowing the comparison of the parameters of the theory at such different energies.
Heavy atoms have been from the very beginning the favourite atomic system for the experimental study of these processes [3] . Furthermore, at present they constitute the only uncontested agreement among measurements performed by different groups. The agreement with the theoretical predictions within the framework of the standard model is also remarkable. * Also at IFIC, Centre Mixte Universitat de Val6ncia--CSIC, Burjassot, Val6ncia ** On leave from Department de Fisica Te6rica, Universitat de Val6ncia
There is, however, the drawback that in general they only provide the determination of a definite combination of coupling constants between lepton and quarks, namely 3 ~(Z + N) + ~(Z -N) (where Z and N are the number of protons and neutrons inside the nucleus and 6, ~ are the scalar coupling constants in the Hung-Sakurai parametrization [6] ) while, at present they cannot reach information about /~ and 6" since they appear in the contribution depending on the nuclear spin and hence on the nucleons outside closed shells.
There are at present a considerable number of experiments under way to measure parity violation correlations in light atoms [4] . Measurements in hydrogenic atoms such as hydrogen, deuterium, tritium and helium, are particularly important because such experiments will make it possible to determine both the nucleus spin dependent and the nucleus-spin independent coupling constants. Such measurements will be able to provide a more accurate determination of the Weinberg angle and, occasionally, to study intermediate massive neutral bosons in theories beyond the standard model [5] . Finally, from the theoretical point of view, these results will offer a much easier interpretation because of the simplicity of these systems.
In this paper we want to discuss the attractive features that offer light muonic atoms to study parity violation effects. We will focus our attention on the dipole magnetic transition between the mixing of the near degeneracy 2S-2P states and the 1S state [7] . We will emphasize the role of the nuclear spin, finding explicitly the dependence of observables on the coupling constants 17 and ~i that cannot be reached with a scalar nucleus or are far from the experimental precision in the experiments under way with heavy atoms.
The paper is organized as follows: in Sect. 2 we present the virtues of muonic atoms in searching for parity violation effects. We discuss in particular the case of light muonic atoms. The appropriate formalism and the observables based on the measurement of the dipole magnetic transition are given in Sect. 3. Section 4 is devoted to establish the relation between the parameters of the standard electroweak theory and the observables described in Sect. 3. Finally, the results for the observables in # -3He and # -4He are given in Sect. 5 as well as the conclusions.
Muonic atoms. Parity violation correlations
The interaction between lepton and nucleus can be described by the effective Hamiltonian:
where Ho(Hw) is the electromagnetic(weak) Hamiltonian. Hw can be split into two pieces:
the parity conserving piece, Hw(PC), will be ignored when compared to H o since it is parity conserving too.
On the other hand, as a consequence of the parity violating piece, Hw(PV), the eigenstates of the complete Hamiltonian have a non-definite parity. At the dominant order in the weak Hamiltonian, the parity mixing is given by the interference between the electromagnetic Hamiltonian and the parity violating piece of the weak Hamiltonian. Therefore, the eigenstates of H in (2.1) are mixing between parity defined states of the electromagnetic Hamiltonian H o.
Thus, an indication of the weak neutral currents in atoms is the measurement of the nonvanishing expectation value of a pseudoscalar observable. These observables have a typical structure such as:
written in terms of the electromagnetic transition amplitudes of the admixed states. In the former equation TI(To) is the parity allowed (forbidden) transition amplitude of the admixed states and q is the mixing parameter. Using time independent perturbation theory, t/is given by:
where <Hw) is the expectation value of Hw(PV) between the opposite parity states and AE its difference of energy. Equations (2.3, 2.4) give the key to the selection of the electromagnetic transitions sensible to the neutral current effects. Focussing our attention to light atoms, the signal O will depend on the following factors:
i) The mixing parameter t/depends on two factors: the energy difference and the overlapping of the leptonic and nuclear wave functions.
ii) The enhancement factor T1/To depending on the parity forbidden electromagnetic amplitude T o .
In heavy atoms on the other hand, the enhancement is provided by the "Z 3 factor", coming from the coherent interaction of the lepton with the quarks in the nucleus [1] .
As a first observation, the ratio between the electromagnetic amplitudes as well as the difference of energy between the admixed states, are independent of the nature of the lepton. However, the overlapping of the leptons and nuclear probabilities does depend on the lepton. The fact that the weak interaction is short ranged determines that the more the probability distributions of the leptons lay inside the nucleus, the bigger the overlapping factor is. From this point of view muonic atoms give a larger signal factor than the electronic ones. Considering the Bohr radius in both class of atoms, its ratio is given by the relation of lepton masses, namely a,/ae ~ 2-~, hence the expectation value of H w is enlarged by a large factor if one considers muonic atoms. This fact was first considered in [7] and recently has been the subject of renewed experimental interest [9] .
Let us now consider in more detail the case of muonic atoms. Since the muon Bohr radius is (already for n ~ 14) inside the electronic orbits, one can study these atoms as a hydrogen-type one. These systems are very sensitive to parity mixing states with equal quantum number (n > 2). In fact, in the Bohr atom the parity mixing between states is complete, being themselves degenerate, they are however split through vacuum polarization and finite size effects. Therefore they are slightly separated as compared to the spacing of states with different n quantum number. On top of that, additional enhancement, as it was argued in i) above, can be obtained if the main contributions to the hyperfine splitting, namely the finite size effect of the nucleus and vacuum polarization, have opposite sign. We find this phenomenon in the low energy levels of light muonic atoms, making them a suitable system to study observables of the type described in (2.3).
In particular, the 2S 1S transition in light muonic atoms is very sensitive to parity mixing, since the 2S state is strongly mixed with the opposite parity state 2P.
Another factor plays a crucial role in the construction of observables from the 2S-1S transition. When the muon is captured by the atoms, it begins the electromagnetic cascade to the fundamental level. All excepted the 2S state, decay through radiative electric dipole transition (El). Any parity violating effect in these transitions will depend, apart from the mixing parameter 17, on the non-allowed transition, therefore this effect will be in general very small. In the 2S level, on the contrary, the transition takes place through the radiation of two electric dipole photons or a magnetic dipole one (M1). The last one is hindered due to the change of the radial quantum number, in fact is only nonzero through relativistic effects and retardation. When the 2S-2P mixing is considered (they are nearly degenerated), the electromagnetic transition acquires
